Patients with cervical myelopathy were admitted to the Mersey Regional Department of Neurosciences, which is exclusively responsible for the neurosurgical services to a catchment area of 2 9 million people. After plain radiographs of the cervical spine all patients underwent myelography, prior to 1978 with iodophenylate and since then with water soluble agents (metrizamide or iopamidol). Patients with other pathological processes were excluded, and only those patients with evidence of a myelopathy exclusively due to cervical spondylosis or disc degeneration were included.
Cervical spondylosis is widespread throughout the adult population; it has been estimated that, on the basis of changes on plain radiographs of the cervical spine, 50% of people over the age of 50 years and 75% over the age of 65 suffer from the disease. It is indeed fortunate that only a small proportion develop the most serious complication of the disease, namely cervical spondylotic myelopathy; however, when this occurs it can lead to devastating and crippling neurological deficit. The treatment of cervical spondylotic myelopathy still is the cause for debate, since the results of treatment vary greatly. The results following decompressive cervical laminectomy have not been strikingly better than non-operative treatment;' hence the anterior approach, initiated independently and contemporaneously by Cloward2 and Smith and Robinson3 has been favoured latterly.
In an earlier paper4 the author reported his results in 63 patients using a prospective protocol in which both the anterior approach of Cloward and decompressive laminectomy were employed; specific criteria were laid down for the appropriate operation; 50 patients underwent a Cloward's operation and 13 a laminectomy, with the result that 80% of patients were greatly improved. This paper will report the results of a further 74 patients with cervical spondylotic myelopathy, using the same protocol; the ini-tial 63 patients with updated follow up have been included, thus making a total of 137 patients treated consecutively and personally under the same protocol.
Protocol
Patients with cervical myelopathy were admitted to the Mersey Regional Department of Neurosciences, which is exclusively responsible for the neurosurgical services to a catchment area of 2 9 million people. After plain radiographs of the cervical spine all patients underwent myelography, prior to 1978 with iodophenylate and since then with water soluble agents (metrizamide or iopamidol). Patients with other pathological processes were excluded, and only those patients with evidence of a myelopathy exclusively due to cervical spondylosis or disc degeneration were included.
In every case the myelogram showed major changes, and since all the patients were steadily deteriorating it was felt that surgery was indicated. The aim whenever possible was to decompress the spinal canal by the anterior approach and to reserve the posterior approach (laminectomy) for either widespread or predominantly posterior compression. The more specific indications were as follows: Cloward's operation To remove any anterior protrusion extending 4 mm or more beyond the level of the vertebral body, even if this meant multiple level operations. Any protrusion 3 mm or less was left alone.
Laminectomy (1) Patients with multiple protrusions of 3 mm or less and with a narrowing of the theco-periosteal diameter in the saggittal plane to less than 12 mm at one or more levels. spondylosis, yet without a major anterior protrusion.
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The neurological details are described later. By this protocol 108 patients underwent the anterior approach and 29 a laminectomy. Ten patients following an initial Cloward's operation required a second operation, five undergoing a second Cloward's operation and five a decompressive laminectomy.
Operative technique
I Cloward
The technique used was basically that described by Cloward2 with the modifications described by the author in 1979,4 which reduced the number of tools within the neck, thereby facilitating both vision and operative technique, and of allowing radiology as far distally as the first thoracic veretebra (using image intensification) even in the most kyphotic of patients. The contiguous vertebral bodies were drilled only as far as the posterior cortical plate in order to prevent that most disastrous accident of this operation: drilling into the dura or spinal cord. The depth of the drill was set at 18 mm in a woman, and 20 mm in a man, from the anterior surface of the vertebral body. These measurements were arrived at as the result of a series of measurements involving the degree of magnification on 20 myelograms and which showed that the magnification ranged from 116-1-6, thus plainly indicating that the depth of drilling based upon measurements from radiographs was unreliable for an individual patient.
Once drilling was complete the cortical plate was pared down with mastoid curettes and punches before removing the compressive lesion which could be osteophyte, disc or both (see later). The dissection was best done between vertebral body and posterior longitudinal ligament thereby reducing bleeding to a minimum; however, if there was a disc protrusion and a hole was seen in the posterior ligament this was enlarged in order to remove the free fragment of disc which usually under these circumstances lay within the canal. The canal was thoroughly decompressed both centrally and laterally so that by the end the posterior ligament moved anteriorly against the vertebral bodies. Dowels (12 mm) were cut from the right iliac crest and gently tapped into place and countersunk for 1-2 mm.
Postoperatively each patient was fitted with a firm cervical collar which was worn for 3-4 weeks and then discarded. Patients were mobilised on the first postoperative day and given physiotherapy and occupational therapy for 10-12 days and were then discharged home if they were able to go up/down stairs unaided, or if unable to so do they were transferred to the referring district general hospital before going home. Eighty-five per cent of patients were able to go straight home, and the rest were transferred back to the referring hospital though none of these remained in hospital more than 1 month after surgery.
2 Cervical laminectomy The operation was performed in the sitting position; this had the combined advantages of both slightly flexing the cervical spine thereby putting the posterior cervical muscles on the stretch so that they could be parted easily, and of allowing blood to run away from the operating area. This position is greatly superior to the prone position in all respects except one: the risk of air embolism. By using an ultrasonic microJeffreys phone placed over the precordium very small amounts of air (I ml) can be detected early so that the surgeon is immediately aware of the potential hazard and can take the appropriate steps to deal with the offending vein. A laminectomy from C3 to either C6 or C7 was carried out in every case, even if the myelogram had shown a more localised lesion, since it was felt it was better to allow the dural sac, with the contained spinal cord, to bulge gently backwards over a long segment rather than bulge acutely through a small decompression. The dura was not opened.
Post-operative management was the same as that following a Cloward's operation, except that a cervical collar was deemed unnecessary.
Results
For reasons of clarity the whole series will be discussed together until the time of operation, then the patients undergoing Cloward's operations will be presented separately from those undergoing laminectomy. At the end the two groups will be rejoined and the final outcome of the whole series will be reviewed.
Pre-operative details The whole series comprises 137 patients treated between January 1975 and June 1984 (9 5 years). All patients were admitted under the care of the author who performed 127 of the operations and supervised trainees in the other 10. The mean age was 57-01 years (range 29-80), and the sex ratio in favour of men was 2:1 (93:44). The duration of symptoms is shown in the fig, from which it can be seen that 53-4% had a history of 12 months or less, and 46-6% a history in excess of 12 months. All patients were asked two The surgical treatment of cervical myelopathy due to spondylosis and disc degeneration (20-43%) .
Other diseases, either before or after operation were suffered by 46-7%, the most common of which were diabetes mellitus (4.4%), severe chronic obstructive airway disease (3-6%), carcinoma of the bronchus (2-9%) and myocardial infarction (2-9%). All the cases of bronchial carcinoma occurred postoperatively but none of the other disease processes affected the treatment of the myelopathy. In particular it should be stressed that those cases with pulmonary dysfunction came through their surgery easily and their postoperative pulmonary function was much improved.
Pre-operative radiological investigation consisted in every case of plain radiographs of the cervical spine and myelography. In 81-75% the plain radiographs revealed the typical features of cervical spondylosis, and 15-3% had normal radiographs. In 2 95% a subluxation was present, in addition to spondylotic changes, but in no case did this change in radiographs taken in flexion. Myelography was performed with iodophenylate prior to 1978 (37.95%), and since then with the water-soluble agents metrizamide and iopamidol (62 05%). The myelographic changes could be subdivided into one of four groups (% of cases in brackets):
(1) Anterior indentation/s (59-12%). Cloward's operation The protocol and operative technique for patients undergoing Cloward's operation have already been described. The mean age was 56-3 years and the sex ratio in favour of men 2-2:1. The protocol resulted in 108 patients having 140 disc spaces dealt with: 77 (71-3%) having one space operation, 30 (27-8%) two spaces and 1 (0-9%) three spaces; the 4/5 and 5/6 levels were the most frequent. At each operation a record was made of the nature of the compressive lesion/s. In no case in whom more than one space was explored were there different lesions at different spaces and the figures therefore relate to patients rather than disc spaces: (1) osteophyte (38-9%), (2) disc (24-0%), (3) osteophyte and disc (37-1%).
As a result of these operative findings a correlation with the pre-operative plain radiographs was sought. Whereas as one would have predicted 95% of the operative osteophyte group and 87% of the mixed group showed spondylotic changes on plain radiographs, it is important to note that only 50% of the group in whom a pure disc protrusion was found to be the compressive lesion showed spondylotic radiographic changes.
The functional results of treatment are shown in The final outcome in terms of function was unaffected by the myelographic finding but did appear to be adversely affected by the pre-operative The surgical treatment of cervical myelopathy due to spondylosis and disc degeneration These results were assessed at 6-9 months after operation. However, continuing observation showed that nine (6 6%) patients deteriorated later. All of these were re-investigated, and in five further compressions were found that responded to a subsequent second Cloward's operation; these patients regained their original post-operative level achieved after the first operation. In the remaining four patients the repeat myelogram showed no compression and the impression was gained that they were suffering from demyelination. If one reassesses the overall figures then the grade 4 result is still 65 (47-4%) but grade 3 becomes 47 (34 3%) grade 2, 23 (16 8%) and grade 1, 2 (1-5%).
Although the functional result is all important to the patient, the objective neurological result is also of interest to the surgeon, and patients were graded after operation on the following scale: Regarding the latter various theories have been advanced to explain cervical spondylotic myelopathy, and to some extent these interrelate; these are concerned with cord compression, ischaemia, and cord and root traction. It is important to define these terms 358 accurately. By ischaemia is meant a reduction in arterial blood supply to the cord independent of cord compression. Since occlusion of the anterior spinal artery is very rare in cervical spondylotic myelopathy5 proponents of this theory implicate either the vertebral artery itself or the reinforcing radicular arteries. Hughes6 points out that he failed to demonstrate any occlusion or stenosis in his necropsy studies of patients with cervical spondylotic myelopathy. Frykholm7 emphasised the importance of root-sleeve fibrosis and it was thought possible that the reinforcing radicular arteries might be involved also; however as Nurick8 points out that with such a theory one might expect patients with radicular lesions to develop further a myelopathy. Although a small number of patients do so the vast majority do not, and for this reason this theory has to be rejected. Adams and Logue9 felt that traction of the spinal cord against osteophytes projecting from the posterior surface of the vertebral bodies is more important, so that they felt the rationale of treatment should be to reduce or eliminate such movement and they also felt that compression could not explain every case and the traction theory could explain some. Barnes and Saunders10 found that patients who deteriorated were likely to have more mobility of the cervical spine than those who remained functionally static. If mobility were a major causative factor one would expect a significant proportion of patients to be benefited by wearing a firm cervical collar; in this present series many patients had tried such treatment and to no avail.
Nurick8 discussed the pathenogenesis of the spinal cord disorder associated with cervical spondylosis, and came to four major conclusions, based on an assessment of 135 patients with myelopathy: (1) The constitutional and acquired sagittal diameters of the cervical canal are narrower in patients with cervical spondylotic myelopathy than in others, and are narrowest in those most severely affected. (2) Subluxation is also more frequent in those with greater disability. (3) The clinical, radiological and pathological data together suggest that the changes in the spinal cord are secondary to compression. (4) Ischaemia of the cord occurring independently of compression does not explain the development of cervical spondylotic myelopathy. In a companion paper"1 91 patients undergoing treatment were reviewed and it is clear that there is a major difference between the series in that 70% of Nurick's patients were mildly affected (= grade 4 and 3 in this series) whereas in this present series 100% of patients were severely affected (grades I and 2) with progressive disability, and thus this present series is therefore selected whereas in Nurick's series8 11 there was a spectrum of disability with a predominance of the less Jeffreys severely affected; hence he concluded that cervical spondylotic myelopathy is a generally benign disorder.
The role of trauma in the development of cervical spondylotic myelopathy is an interesting one; in this series 10 94% gave a history of a neck injury in the past, 8 0% experienced a neck injury which precipitated a neurological decline and 16 0% gave a history of both, that is approximately 44% experienced a neck injury at some time. Nurick does not mention a past history of neck injury although he found that 14% experienced an injury in the month prior to admission and which had frequently precipitated the final decline. Although there is no proof it would seem reasonable to infer that the past neck injury may have contributed to the degenerative disease and the precipitating injury in some way further compromised a spinal cord already at risk.
Whilst accepting that a constitutionally narrow canal may have a major bearing on the production of cervical spondylotic myelopathy, it is also clear that even patients who develop cervical spondylotic myelopathy later in life are perfectly able to live normal and neurologically asymptomatic lives until there is a superadded narrowing from various tissues of the vertebral column. In cervical spondylotic myelopathy the nature of the compressing material can be anterior to the cord when it may be osteophyte, disc or combinations of these and/or posterior when it will be ligamentum flavum or lamina. In this present series, based upon the myelographic and operative findings, it was found that the major compressive lesion was anterior to the cord in 103 (75-2%) patients, posterior in 29 (212%) and both anterior and posterior in 5 (3-6%). The nature of the anteriorly compressing lesion was osteophyte alone in 39%, disc alone in 24% and combinations of osteophyte and disc in 37%. It is important to point out that even in those patients in whom disc material was found to be the major compressive agent 50% of their plain radiographs showed the changes of spondylosis. Whereas it would probably be universally accepted that in a cervical spine that had undergone spondylotic changes the intervertebral disc will be both degenerate and atrophic, it is interesting to note that in a large number of patients there was sufficient disc material to play an important role in compression of the cord in addition to that of osteophytic protrusion.
The role of subluxation in the evolution of cervical spondylotic myelopathy remains problematical. In this series subluxation was only found in 2-95% of patients, whereas Nurick found that not only did this radiological sign occur in 28 7% but that it tended to be associated with increasing disability. One possible explanation of this discrepancy may be that in this present series the patients were more disabled and The surgical treatment of cervical myelopathy due to spondylosis and disc degeneration possibly had more advanced spondylosis, so that their cervical spines were more rigid and less able to dislocate than those in Nurick's series. In addition there is the finding by Adams and Logue,"2 who found that those who improved most after decompressive laminectomy were those who had the least movement of the cervical spine.
Finally there is the evidence from this present series that a large majority of patients improved greatly once the compressive agent had been removed and most of these patients had mobile cervical spines afterwards. The author feels that although there is no absolute proof the theory most likely to explain a myelopathy is compression of the spinal cord provided that one also allows that in any compression there must be an element of local ischaemia in the cord at the site of compression, caused by the compressing agent "squashing" the vascular bed at that point. Saunders"0 it was 14 months as compared to 21 48 months in this present series. However the mean duration obscures the fact that 53% patients experienced their symptoms for less than 12 months. Although almost certainly in this present series cervical spondylosis has been present in the patients for a number of preceding years it is also quite clear that in half the patients once neurological symptoms appeared they progressed quite rapidly; whether or not the decline would have arrested as suggested by some authors, is not known since the author was not prepared to run the risk of yet further decline in patients' functions.
Natural history

Treatment
An essential prerequisite to a discussion on the results of management of cervical spondylotic myelopathy is an accurate diagnosis. Since cervical spondylosis is so common in the population over the age of 45 years it cannot be assumed that a patient with myelopathy and plain radiograph changes of spondylosis necessarily has cervical spondylotic myelopathy, particularly so since Campbell and Phillips17 found that 17% patients presumed to have cervical spondylotic myelopathy were subsequently shown to have another disease. At the present time there are only two radiographic ways to examine the vertebral column and spinal cord in length: contrast myelography and NMR. The latter may well become the investigation of choice but for the present, owing to financial restrictions, myelography will continue to be the method generally used. Once other structural lesions have been excluded and the compression due to osteophytes and/or disc confirmed there are three other diseases to be excluded: motor neuron disease, subacute combined degeneration of the cord and demyelination. The former two can usually be diagnosed by the standard methods. Demyelination may prove difficult to diagnose and in this present series was thought to occur in four patients all of whom were initially improving following surgery only to deteriorate later with other neurological deficits. There was only one patient who later developed clear evidence of motor neuron disease.
The treatment of cervical spondylotic myelopathy still remains a difficult and contentious problem. On the basis that a relatively mobile cervical spondylotic cervical spine is more likely to lead to advancing myelopathy9 10 reduction of mobility by a firm cervical collar has been advocated; Barnes and Saunders'0 point out the results are variable though this may relate to the compliance rate. In this present series many of the patients had tried this treatment and yet continued to deteriorate. Perhaps in the patient with early and slight myelopathy there is a place for a trial There are several possible reasons for these differences. Firstly careful selection of patients is essential,1 since it is important to exclude patients with other causes for their myelopathy. Secondly there has to be a rational approach to the problem of cervical spondylotic myelopathy. As Nurick' stated "if cervical spondylotic myelopathy is considered to be a condition of compression of the spinal cord caused by a narrow canal, with superimposed changes due to spondylosis, the management can be considered rationally?". It can be argued that no evidence exists for the superiority of one surgical method over the other; however, various authors 4 12 have stated that such an approach is restrictive and both the anterior and the posterior surgical approaches have a place. Nurick1 advocated that the anterior approach would be best for disc or osteophyte protrusion at one or two levels, and laminectomy would be the procedure of choice for a narrow canal with perhaps multiple protrusions each one of a more minor nature although together contributing to the overall compression. In an earlier report the present author4 concurred with these views and added to it simply by putting a value to the height of the protrusion (namely 4 mm) which required anterior decompression.
Although it cannot be proved there remains a suspicion that in some other reports authors when they use the term "anterior fusion" do in fact mean just this. In the opinion of this author a fusion alone is Jeffreys insufficient and that what really matters is a thorough decompression of the spinal cord; it is essential that by the end of decompression of each disc space the posterior longitudinal ligament moves forwards against the vertebral bodies. The question of whether or not to fuse the disc space with a bone graft remains open; O'Laoire and Thomas2" did not do so in their series of 26 patients with cervical disc protrusion. This author would be prepared to accept that a soft disc can be excised by what is essentially a soft tissue operation, but doubts whether osteophytes protruding into the spinal cord can be adequately removed through such a small approach. Having performed a Cloward's operation he feels it wise to "fill in the hole" with a graft, since this also has the merits of both instantly fixing the space and eliminating movement, and of helping to maintain the normal lordosis of the cervical spine. Whether or not in the very long term a fusion with a graft is superior to allowing the disc space to collapse is not known at the present time.
An important point regarding management of cervical spondylotic myelopathy revolves around the dangers of surgery against those of non-operative management. An imposing list of potential complications, some of which can be catastrophic, can be made.13 14 However as this present series demonstrates the complication rate can be kept to the low overall rate of approximately 1%, even in severely neurologically handicapped patients many of whom were suffering from other major diseases. Since in this series all the patients were deteriorating with nonoperative treatment it would seem quite clear that surgery had a lot to offer for at least the short and medium terms; the long-term of 10-20 years is not known in this present series.
Therefore, in conclusion it would seem that with a protocol involving specific indications for both the anterior and posterior approaches many patients with cervical spondylotic myelopathy can be helped back to an active existence. It is to be hoped that some of the gloom surrounding this condition can be lifted.
